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Abstract
Background

Recent limited studies have shown that unilateral renal ischemia-reperfusion (I/R) induces
distant organ injury (DOI) with inflammatory changes and oxidative stress. However, the
pathological backgrounds of previous study subjects, especially in regards to blood pressure
levels, have not been consistent. Statins have anti-inflammatory and antioxidant effects
independent of their cholesterol-lowering properties and can protect against post-1/R kidney injury.
We investigated the hypotheses that blood pressure is associated with the pathogenesis of DOI,
and that this injury can be ameliorated by rosuvastatin (RO) pretreatment using a rat model of I/R.
Methods

Our study consisted of two phases. In the Phase 1 study, 10-week-old Dahl salt-sensitive rats
were fed a low-salt (0.3%) diet for six weeks. These rats were randomly divided into four groups: a
sham group, a sham with RO group, an I/R group, and an I/R with RO group. RO (10 mg/kg/day)
was administered orally by dissolving it in water starting two weeks before I/R. The rats then
underwent unilateral renal I/R for 45 min and subsequent reperfusion for seven days. In the Phase
2 study, 6-week-old Dahl salt-sensitive rats were fed a high-salt (8%) diet for six weeks.
Administration of RO and I/R were performed in the same way as in the Phase 1 study, except that
the reperfusion period was three days.
Results

In the Phase 1 study, hypertension was not induced in rats through the feeding period, and no
visible histological changes were found in the contralateral kidney and the heart, which suggested
the absence of DOI. In the Phase 2 study, all rats developed severe hypertension and showed

histological injury in the contralateral kidney, but not in the heart. I/R worsened contralateral kidney



injury with histological changes including increases in the glomerular sclerosis index, tubular
dilation areas; and infiltration of ED-1 positive cells, as well as inducing serological changes
including increases in serum creatinine and malondialdehyde levels and a decrease in creatinine
clearance. I/R also reduced the protein expression of superoxide dismutase (SOD) in the
contralateral kidney. RO pretreatment significantly ameliorated all these changes following I/R.
Conclusions

Unilateral renal I/R induced contralateral kidney injury in Dahl salt-sensitive rats with
hypertension, but not in those with normotension. RO pretreatment significantly prevented the
down-regulation of SOD in the contralateral kidney after I/R and ameliorated contralateral kidney
injury with histological and serological improvements. These results indicated that basic conditions
of oxidative stress in individual organs might be involved in the pathogenesis of DOI following I/R,
and that the protective effect of RO on DOI might be associated with a decrease in oxidative stress

in distant organs via up-regulation of SOD.
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Introduction

Acute kidney injury (AKIl) is a frequent complication in critically ill patients and is associated with
increased morbidity and mortality despite the recent widespread availability of renal replacement
therapy (1, 2). AKl is commonly triggered by acute renal ischemia-reperfusion (I/R), caused by
reduced renal blood flow due to severe hypotension, serious infection, major cardiovascular
surgery, and renal transplantation. Post-ischemic AKI seems to be a complication of hypoxia
derived from impaired blood supply to local tissues and subsequent reperfusion leading to acute
inflammatory changes (3). Reperfusion of ischemic tissue initiates complex cellular events that
result in injury and renal cell apoptosis (4). Although it is necessary for the survival of ischemic
tissue, reperfusion itself causes additional cellular injury and tissue damage (5). These harmful
aspects of renal I/R are not limited to the ischemic kidney itself, but instead spread systemically
and trigger inflammation and functional changes in distant organs, including heart, lung, liver, and
brain (6-9). Using Dahl salt-sensitive rats, we previously confirmed that unilateral renal I/R also
affects the contralateral kidney and the heart with histological changes accompanied by increased
infiltration of ED-1 positive cells and overexpression of oxidative stressors (10). However, there
have been some studies that have examined the effects of unilateral renal I/R on distant organs
(11-14), including the contralateral kidney, but the pathological background of the study animals,
especially in regards to blood pressure (BP), has not been consistent, even though high BP is a
powerful risk factor for exacerbating organ injury.

Statins, 3-Hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase inhibitors, which are
commonly used to lower serum cholesterol levels and are effective for primary and secondary
prevention of cardiovascular diseases (15, 16), possess strong anti-inflammatory and

anti-oxidative capabilities that are independent of their direct lipid-lowering properties (17, 18).



These capabilities can include improvements in endothelial function, decreases in smooth muscle
proliferation, vascular inflammation, and antiplatelet actions, as well as effects on other lipids and
lipoproteins (19). The pleiotropic effects of statins have been confirmed not only during chronic
inflammation, but also during acute inflammation, including I/R injury. There have been several
studies in experimental animal models showing that statin pretreatment ameliorates post-I/R
kidney injury with serological and histological improvements (3, 20-22). However, it is uncertain
whether statins can also protect against distant organ injury following renal I/R.

Based on this background, the present study was undertaken to clarify the following two
hypotheses using a hypertensive rat model: First, whether BP is associated with the pathogenesis
of distant organ injury following unilateral I/R. Second, whether distant organ injury can be
ameliorated by rosuvastatin (RO) pretreatment. We also investigated the possible molecular

mechanisms of distant organ injury and the ameliorating effect of RO pretreatment.



Material and methods
Animals and study protocols

The present study consisted of two phases. Experimental schema of studies was shown in
Figure 1. The Phase 1 study was performed with 10-week-old male Dahl salt-sensitive rats
(300-320 g) purchased from Japan SLC, Inc. (Shizuoka, Japan). These rats were randomly
allocated to four groups: a sham group, a sham with RO group, an I/R group, and an I/R with RO
group (n = 5, each group), and were fed a low-salt (0.3%) diet for six weeks. RO was purchased
from LKT Laboratories, Inc. (St. Paul, MN) and was administered orally by dissolving it in tap water
starting two weeks before renal I/R. The dosage of RO was adjusted to 10 mg/kg/day as
previously reported (23). RO-dissolved water was changed every other day and was delivered by
a metallic straw from a closed bottle. All rats were housed in a temperature- and
humidity-controlled room with 12 h light/dark cycles. Five weeks later, rats were subjected to
unilateral clamping of the left renal pedicle for 45 min using microvascular clips and, thereafter,
reperfused. Rats in sham groups were given the same operation, including incisions in the skin
and the abdominal wall and exteriorization of the left kidney, but not clamping of the left renal
pedicle. During I/R or sham operations, rats were given general anesthesia with inhalation of
isoflurane (Intervet, Tokyo, Japan). Seven days after I/R, rats were sacrificed for histology and
blood analyses. The Phase 2 study was performed with 6-week-old male Dahl salt-sensitive rats
(180-230 g). These rats were allocated to four groups as stated above (n = 11, each group) and
fed a high-salt (8%) diet for six weeks. Otherwise, the study protocol was the same as for the
Phase 1 study, except the reperfusion period following I/R was three days in the Phase 2 study. All
experiments were performed according to the institutional guidelines for the care and use of

laboratory animals, and all protocols were approved by the Animal Committee of Fukushima



Medical University School of Medicine.

Measurements

During the course of the study, body weight and blood pressure were regularly measured. Blood
pressure in conscious rats was measured by the tail-cuff method using a BP-98A blood pressure
monitor for mice and rats (Softron Co., Tokyo, Japan). For each time point, five measurements
were obtained and averaged for each rat. The volume of drinking water, diet, and urine were
measured by housing in individual metabolic cages for 24 h at the start and at the end of the study.
Organ weights of the right kidney (unaffected side) and heart were measured at the end of the
study. Blood samples from the aortic artery were collected at the time of killing and immediately
centrifuged, and the obtained serum was stored at -20°C until analyzed. Serum total cholesterol
(TC) and high-density lipoprotein cholesterol (HDL-C), serum and urinary creatinine, and urinary
albumin were measured conventionally. Serum malondialdehyde (MDA) was measured by the
lipid peroxidation assay method with an NWLSS kit (Northwest Life Science Specialties,
Vancouver, Canada) following the company's protocol. Urinary 8-hydroxy-2'-deoxyguanosine
(8-OHdAG) was measured using enzyme-linked immunosorbent assays (JalCA, Shizuoka, Japan).
Urinary isoprostane was measured using enzyme-linked immunosorbent assays (Northwest Life
Science Specialties). Serum tumor necrosis factor-a (TNF-a) was measured using enzyme-linked
immunosorbent assays (Shibayagi, Gunma, Japan). Serum monocyte chemotactic protein-1
(MCP-1) was measured using enzyme-linked immunosorbent assays (IBL Co., Gunma, Japan).
Creatinine clearance (CCr) was calculated based on serum creatinine, urinary creatinine, urine
volume, and body weight using the following formula: CCr = urinary creatinine (mg/dL) x urine

volume (mL/kg/min) / serum creatinine (mg/dL) (24).



Histology and immunohistochemistry

Right kidneys and hearts for histological examinations were collected at the end of the study.
Kidney and heart sections were stained using the Masson-Trichrome stain for renal injury and
Picrosirius-Red stain for renal and cardiac fibrosis. To semiquantify glomerular sclerosis, 50
cortical glomeruli were randomly selected. The severity of each glomerulus was estimated given a
score (1, normal or minor mesangial proliferation; 2, moderate mesangial proliferation; 3, focal
sclerosis; 4, global sclerosis). Glomerular sclerosis index scores were calculated from the
following formula: [(1 x n7)+(2 x n2)+(3 x n3)+(4 x n4)] / 50 (25). To semiquantify tubulointerstitial
fibrosis, five areas of renal outer medulla were randomly selected. The percentage of each area
that showed sclerofibrotic changes (red area in Picrosirius-Red staining) was measured by Image
J software (National Institutes of Health, Bethesda, MD). To semiquantify the tubular dilation area,
five areas of renal outer medulla were randomly selected. The percentage of each area that
showed dilated change (unstained area following Masson-Trichrome staining) was measured by
Image J software. To semiquantify the area of cardiac fibrosis, five areas of heart tissue were
randomly selected. The percentage of each area that showed fibrotic changes (red area in
Picrosirius-Red staining) was measured by Image J software. For immunohistochemical analysis,
kidney and heart tissues were immediately fixed with 12% neutral formalin fluid. Tissue was
embedded in paraffin and 2.5-um-thick sections were cut and mounted on slide glasses. Slides
were deparaffinized with xylene and ethanol. Immunohistochemical staining was performed using
a monoclonal antibody against ED-1 (LSBio, Seattle, WA). The slides were then incubated
overnight at 4°C. Five areas of renal cortex, renal outer medulla, and heart tissue were randomly

selected, and results were analyzed by counting the number of cells labeled positively for ED-1 in



each area.

Western blotting

The protein levels of superoxide dismutase 1 (SOD1) and superoxide dismutase 2 (SOD2) in
the contralateral kidney and the heart and osteopontin in the contralateral kidney were determined
by western blotting. In brief, tissue proteins were separated by sodium
dodecylsulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and transferred onto a
polyvinylidene difluoride (PVDF) membrane (Immobilon-P, Millipore) using a semi-dry transblot
apparatus (Bio-Rad Laboratories Inc., Hercules, CA). The membranes were blocked for 1 h with
Tris-buffered saline (TBS) containing 5% non-fat dried milk (Bio-Rad Laboratories Inc.). After
washing, the membranes were incubated overnight at 4°C with the following primary antibodies:
rabbit polyclonal antibody to SOD1 (1:5,000, Abcam, Cambridge, UK), rabbit polyclonal antibody
to SOD2 (1:50,000, Abcam), and mouse monoclonal antibody to osteopontin (1:1,000, Santa Cruz
Biotechnology, Santa Cruz, CA). Subsequently, the membranes were washed three times with
TBS, incubated for 2 h at room temperature with horseradish peroxidase-conjugated secondary
antibody (1:10,000), and then washed three times with TBS containing 0.05% Tween 20. The blots
were also probed with antibody against B-actin (1:5,000, Cell Signaling Technology, Inc., Boston,
MA) to ensure equal protein loading. The density of each protein band was quantified by

densitometry using Image J software.

RNA extraction and real-time quantitative polymerase chain reaction (RT-PCR)
Total RNA samples were extracted from whole kidneys and hearts with TRIzol reagent, and total

RNAs were further purified using an RNeasy kit with RNase-free DNase | treatment according to

10



the manufacturer's instructions. Total RNA (1 pg) was reverse-transcribed with an iScript cDNA
Synthesis Kit according to the manufacturer’s instructions (Bio-Rad Laboratories, Inc.).
Quantitative real-time PCR was performed with a Bio-Rad system using iQ SYBR Green Supermix
(Applied Biosystems, Foster City, CA). Primer sequences were as listed in Table 1. The relative
mass of specific RNAs was calculated by the comparative cycle of threshold detection method
according to the manufacturer's instructions. Glyceraldehyde 3-phosphate dehydrogenase

(GADPH) was used as an internal control. The data were expressed as fold increase vs. sham

group.

Statistical analysis

All values are expressed as means + standard error of the mean (SEM). Statistical comparisons
of the groups were performed followed by the independent t-test or one-way analysis of variance
(ANOVA). P < 0.05 was considered significant. All analyses were performed using SPSS version

21 software (IBM, Chicago, IL).
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Results
Blood pressure, histology, blood and urine tests, and organ weight in the Phase 1 study

A comparison of parameters between groups in the Phase 1 study is shown in Table 2. Mean
systolic blood pressure in each group was 125-135 mmHg at baseline and remained nearly
unchanged until the end of the study. Unilateral renal I/R induced obvious histological damages
including tubular dilation, interstitial edema, and infiltration of ED-1 positive cells in renal cortex
and outer medulla of ipsilateral kidneys. However, there were no significant differences between
the sham group and I/R group in histological findings in contralateral kidneys or heart (Figure 2a-d),
as well as in serum creatinine, CCr, and urinary albumin excretion (Table 3). There were also no
significant differences in the organ weights of the contralateral kidney and heart between the sham

group and I/R group, or between sham with RO group and I/R with RO group (data not shown).

Blood pressure and organ weight in the Phase 2 study

Changes in mean body weight, systolic blood pressure, heart rate, food consumption, water
consumption, and urine volume in each group in the Phase 2 study are shown in Table 4. There
were no significant differences in these parameters between groups neither at the start nor at the
end of the study. Mean systolic blood pressure was elevated from 140-145 mmHg at baseline to
190-205 mmHg at the end of the study. All rats survived with no fatal accidents through the feeding
period. The right kidney (contralateral side) / body weight ratio in sham group was 0.55 *
0.01%/BW and significantly increased to 0.65 + 0.02%/BW after I/R; this increase was not affected
by RO pretreatment (0.63 + 0.02%/BW). The heart / body weight ratio was not changed after I/R
(sham vs. I/R: 0.51 + 0.01%/BW vs. 0.52 £ 0.01%/BW). However, RO pretreatment significantly

decrease the ratio after I/R (0.48 + 0.01%/BW; P < 0.05) as compared to its counterpart.
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Blood and urine tests in the Phase 2 study

Serum and urinary parameters in each group at three days after I/R are shown in Table 5. There
were no statistical differences in serum TC and HDL-C between the sham group and sham with
RO group, or between the I/R group and I/R with RO group (data not shown). Serum creatinine
levels were significantly increased in the I/R group compared with the sham group (0.38 + 0.01
mg/dL vs. 0.25 + 0.01 mg/dL; P < 0.05). RO pretreatment significantly ameliorated the increase in
serum creatinine levels after I/R (0.29 + 0.02 mg/dL; P < 0.05). To substantiate the effects of RO
pretreatment on renal function after I/R, we calculated CCr in each rat. CCr in the sham group was
11.3 + 0.6 mL/kg/min and was reduced to 6.7 + 0.2 mL/kg/min after I/R; this reduction was
suppressed by RO pretreatment (10.0 £ 0.8 mL/kg/min; P < 0.05). Serum MDA levels were
significantly higher in the I/R group compared with the sham group (0.48 £ 0.05 uM vs. 0.33 £ 0.05
MM; P < 0.05). RO pretreatment significantly ameliorated the increase in serum MDA levels after
I'R (0.33 + 0.05 mg/dL; P < 0.05). No statistical differences were found in other oxidative stress
markers or proinflammatory cytokines in blood or urine samples between the sham group and I/R

group, or between the sham with RO group and I/R with RO group.

Histological findings of contralateral kidneys and hearts in the Phase 2 study
Representative histological findings in contralateral kidneys and hearts are presented in Figure
3. Histological comparisons of the contralateral kidneys between groups are shown in Figure 4. As
compared to the Phase 1 study, the glomerular sclerosis index and number of ED-1 cells in the
renal cortex and outer medulla were significantly higher in all groups. Among groups without RO

pretreatment, there were significant increases in the glomerular sclerosis index (sham vs. I/R: 1.45
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1+ 0.06 vs. 1.60 = 0.03; P < 0.05, Figure 4a), tubular dilation area (24.2 + 0.9% vs. 27.2 + 0.9% per
slice; P < 0.05, Figure 4b), and number of ED-1 cells in renal outer medulla (4.1 +0.9vs. 8.1+1.5
per slice; P < 0.05, Figure 4e), while no differences were found in interstitial fibrosis area (4.8 +
0.4% vs. 4.2 + 0.5% per slice, Figure 4c) or number of ED-1 cells in the renal cortex (8.5 + 2.0 vs.
12.3 £ 2.1 per slice, Figure 4d). In the I/R with RO group, the levels were significantly less for the
glomerular sclerosis index (1.44 + 0.05; P < 0.05, Figure 4a), tubular dilation area (24.1 £ 1.0% per
slice; P < 0.05, Figure 4b), and number of ED-1 cells in renal outer medulla (4.2 + 0.8 per slice; P <
0.05, Figure 4e) as compared to the respective counterpart group. Regarding ipsilateral kidneys,
renal I/R triggered significant histological damages including tubular dilation and infiltration of
ED-1 cells in renal cortex and outer medulla, as well as in the Phase 1 study. RO pretreatment
significantly ameliorated these damages similarly in ipsilateral kidneys (Supplementary Figure 1,

2), as previously reported (3, 22, 26).

Western blotting analysis of contralateral kidneys in the Phase 2 study

Figure 5 shows the protein expressions of SOD1, SOD2, and osteopontin in contralateral
kidneys by western blotting. Among groups without RO pretreatment, renal I/R significantly
reduced the expression of both SOD1 and SOD2 (39% and 47%, respectively) as compared to the
sham group, while these reductions were completely abolished by RO pretreatment. The
expression of osteopontin was increased by 18% after renal I/R as compared to the sham group,
although this increase was not suppressed by RO pretreatment. Regarding the left kidney (I/R
side), the protein expressions of SOD1 and SOD2 (80% and 43%, respectively) were also
reduced as compared to the sham group, and the reduction of SOD1 was significantly improved

by 16% with RO pretreatment (data not shown).
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Quantitative RT-PCR analysis of contralateral kidneys in the Phase 2 study

Quantitative RT-PCR analyses of mMRNA expression (per GAPDH ratio) in contralateral kidneys
are shown in Figure 6. At three days after I/R, there were no significant differences in mRNA levels
of SOD1, SOD2, MCP-1, TNF-q, interleukin-6 (IL-6), transforming growth factor-B (TGF-(),
connective tissue growth factor (CT-GF), or type 1 collagen between the sham and I/R groups, or

between the sham with RO and I/R with RO groups (Figure 6a-h).

Histological findings, western blotting analysis, and quantitative RT-PCR analysis of hearts
in the Phase 2 study

Histological comparisons of hearts between groups are shown in Figure 7. Among groups
without RO pretreatment, there were no significant differences in cardiac interstitial fibrosis areas
(shamvs. I/R: 2.3 £ 0.3% vs. 2.2 £ 0.3% per slice, Figure 7a) or number of ED-1 cells (5.1 £ 1.4 vs.
6.6 + 1.2 per slice, Figure 7b). Figure 8 shows protein expressions of SOD1 and SOD2 in hearts
by western blotting. Among groups without RO pretreatment, renal I/R significantly reduced the
expressions of SOD1 and SOD2 (50% and 41%, respectively) as compared to the sham group;
these reductions were not improved by RO pretreatment. Quantitative RT-PCR analyses of mMRNA
expression (per GAPDH ratio) in hearts are shown in Figure 9. At three days after I/R, there were
significant increases in the mRNA levels of TGF-B (1.3-fold, Figure 9f) and type 1 collagen
(2.1-fold, Figure 9h) as compared to the sham group. Additionally, RO pretreatment ameliorated
the increases in TGF-B mRNA expression after I/R. There were no significant differences in the
mRNA levels of SOD1, SOD2, MCP-1, TNF-q, IL-6, or CT-GF between the sham and I/R groups,

or between the sham with RO and I/R with RO groups.
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Discussion
Summary of the results

In the present study, we applied an animal model of DOI using hypertensive Dahl salt-sensitive
rats with unilateral renal I/R and examined whether DOI could be ameliorated by RO pretreatment.
In the Phase 1 study, 10-week-old rats were fed a low-salt (0.3%) diet for six weeks and were
administered RO-dissolved water from two weeks before I/R. Seven days after I/R, rats were
sacrificed for histology and blood analyses. Systolic blood pressure of rats in the Phase 1 study
was 125-135 mmHg at the start and remained unchanged until the end of the study. Unilateral
renal I/R triggered obvious histological damages in ipsilateral kidneys, whereas no visible changes
were found in contralateral kidneys or hearts, which indicated the absence of DOI. In the Phase 2
study, 6-week-old rats were fed a high-salt (8%) diet for six weeks and were sacrificed three days
after I/R. Systolic blood pressure of rats in the Phase 2 study was elevated up to 190-205 mmHg
at the time of I/R. Unilateral renal I/R induced serious histological changes in ipsilateral kidneys as
well as in the Phase 1 study. Additionally, histological examination of contralateral kidneys showed
significant increases in the glomerular sclerosis index, tubular dilation area, and infiltration of ED-1
labeled cells in the outer medulla in the I/R group as compared to the sham group; these increases
were not detected in hearts. RO pretreatment suppressed these changes following I/R in
contralateral kidneys. Blood and urine tests showed increases in serum creatinine levels and MDA
levels and decreases in CCr in the I/R group, which were significantly ameliorated by RO
pretreatment. Western blotting analysis demonstrated that the protein expressions of SOD1 and

SOD2 in contralateral kidneys were decreased, and were also ameliorated by RO pretreatment.

Unilateral renal I/R and distant organ injury in contralateral kidneys
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The protocol of the Phase 1 study was determined with reference to a previous study (10) in
which the systolic blood pressure of rats was 160-165 mmHg at the time of I/R. However, no
visible histological injury was triggered in contralateral kidneys in normotensive rats. In the Phase
2 study, hypertension was induced by a high-salt diet, and histological examinations showed
significant increases in the glomerular sclerosis index, tubular dilation area, and ED-1 positive
cells in the outer medulla in contralateral kidneys. Western blotting analysis demonstrated a
decrease in the protein expressions of SOD1 and SOD2 in contralateral kidneys. RT-PCR
analysis showed a decrease in the mRNA expressions of SOD1 and SOD2, but with no
significance. Moreover, serum MDA levels were increased after I/R, which together with the above
suggests enhanced oxidative stress with impaired anti-oxidative capacity in contralateral kidneys.
Furthermore, I/R increased the expression of osteopontin in contralateral kidneys. Osteopontin is
a proinflammatory cytokine that promotes cell recruitment to inflammatory sites and mediates cell
activation and cytokine production (27). The increase in osteopontin might reflect enhanced
inflammation in contralateral kidneys. Meanwhile, there were no significant differences between
the sham group and I/R group with respect to the mRNA expressions of proinflammatory cytokines
such as MCP-1, IL-6, and TNF-a. Meldrum et al. performed unilateral renal ischemia in male
Sprague-Dawley rats for 1 h and reported that the expression of TNF-a in contralateral kidneys
continuously increased from the time of reperfusion to 4 h later and reached a peak 2 h later (11).
Sung et al. performed unilateral renal ischemia under similar operating conditions and reported
that the mRNA expression of MCP-1 increased only in the ipsilateral kidney, but not in the
contralateral kidney regardless of the time-course (28). Our RT-PCR results were from samples
taken at three days after I/R. Taken together, we surmise that the mRNA expression of TNF-a was

increased after I/R but was already decreased at the time of sacrifice. Regarding interstitial fibrosis,
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no differences were found between the sham group and I/R group, which is consistent with the
results of a previous report (10). There were also no differences in the mRNA expressions of
TGF-B, CT-GF, and type 1 collagen in contralateral kidneys. Basile et al. performed unilateral renal
I/R in male Sprague-Dawley rats for 35 min and confirmed that interstitial cells in contralateral
kidneys were significantly increased at 33 days after I/R (12). These findings suggest that
interstitial fibrosis is induced even in the contralateral kidney following unilateral renal I/R, though it
takes seven days or more for the changes to become visible.

Since Meldrum et al. first reported on the subject in 2002, there have been few reports
concerning distant effects on the contralateral kidney by unilateral renal I/R, because most studies
have featured contralateral nephrectomy simultaneous with unilateral renal I/R. Kato et al.
performed unilateral renal I/R in male Sprague-Dawley rats for 45 min and reported that
histological examination in contralateral kidneys showed no obvious changes in 7-week-old rats,
but there were significant increases in 40-week-old rats in glomerular sclerosis, interstitial fibrosis,
and infiltration of ED-1 positive cells (14). On the other hand, other studies have reported that no
histological changes were found in contralateral kidneys in pigs subjected to unilateral renal I/R for
120 min (29) or in mice at one day, one week, or three weeks after unilateral renal I/R (30). These
previous studies, though limited, suggest that age at the time of I/R and the species of
experimental animal might be involved in the pathogenesis of contralateral kidney injury. Our
results show for the first time that hypertension might be a possible factor in contralateral kidney
injury. In comparison with the sham group in the Phase 1 study, the glomerular sclerosis index,
ED-1 positive cells in the outer medulla, and urinary albumin excretion were increased in rats in
the Phase 2 study. This finding suggests the existence of hypertensive renal damage at the time of

I/R. Since DOI was not triggered in young rats or normotensive rats, existing inflammation,
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including an increase in infiltration of ED-1 positive cells, might be involved in inducing DOI

following unilateral renal I/R.

Unilateral renal I/R and distant organ injury in the heart

Regarding the heart, there were no significant differences between the sham group and I/R
group in the number of ED-1 positive cells and interstitial fibrosis areas both in the Phase 1 study
and the Phase 2 study. However, following I/R, the mRNA expressions of TGF-B and type 1
collagen were significantly increased and CT-GF also showed increased expression, although not
to a significant extent. Overexpression of TGF-f leads to abnormal accumulation of extracellular
matrix proteins and promotes tissue fibrosis (31). CT-GF is a downstream peptide of TGF-p and is
highly involved in the production of extracellular matrix proteins by TGF-B (32). There have been
two reports in which histological examination at seven days after renal I/R showed an increase in
infiltration of ED-1 positive cells and interstitial fibrosis, even in the heart (10, 14). Our RT-PCR
results suggest that cardiac fibrosis was already promoted at three days after I/R. Taken together,
histological changes might become apparent over time. Western blotting analysis demonstrated a
decrease in the expression of SOD1 and SOD2 in the heart, which suggested enhanced oxidative
stress with impaired antioxidative capacity in the heart as well as in the contralateral kidney, but
these decreases were not correlated with histological changes.

Distant effects of renal I/R on the heart were first reported by Kelly et al. in 2003 (6). They
performed bilateral renal ischemia in mice for 15-45 min and subsequent reperfusion for 48 h, and
found an increase in the mMRNA expression of proinflammatory cytokines including TNF-a, IL-1,
and IL-6 in the heart. They also confirmed an increase in cardiomyocyte apoptosis, cardiac

dysfunction by ultrasonography, and pulmonary congestion after renal I/R. In another study,
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Sprague-Dawley rats subjected to bilateral renal ischemia for 45 min and subsequent reperfusion
for 3 h showed cardiac dysfunction by ultrasonography and increased serum CK-MB and troponin
T (33). Our results at three days after I/R showed no differences between the sham group and I/R
group in the mRNA expressions of TNF-a and IL-6 in the heart. This might be due to the
differences between in bilateral I/R and unilateral I/R, as well as the reperfusion period. The
differences between bilateral renal I/R and unilateral renal I/R have been examined in a previous
study using a mouse model (7). Bilateral renal I/R induces significant increases in serum IL-6,
IL-1B8, and IL-12 2-4 h after I/R coupled with abnormal histological changes, including alveolar
septal edema and infiltration of neutrophils in the pulmonary interstitium, whereas none of these
changes are triggered by unilateral renal I/R. These results indicate that unilateral renal I/R had

less of an effect on serum cytokines and distant organs as compared to bilateral renal I/R.

Mechanisms of distant organ injury following I/R

Several previous studies have shown that renal I/R decreases the protein expression of SOD
and increases the production of MDA in post-ischemic kidneys (34, 35). Our study demonstrated
that unilateral renal I/R decreased the expression of both SOD1 and SOD2 even in the
contralateral kidney and the heart. SOD1 is cytosolic, copper/zinc-containing SOD (Cu/Zn-SOD);
SOD2 is a mitochondrial manganese SOD (Mn-SOD). SODs are major antioxidant enzymes and
catalytically enhance the normal dismutation of superoxide, which is one of major reactive oxygen
species (ROS). By decreasing the intracellular steady state levels of superoxide, SODs can
successfully inhibit the formation of a potent oxidant, peroxynitrite (36), which results in protecting
cells from oxidative stress injury. MDA is one of several low-molecular weight end products as well

as a reliable estimator of lipid peroxidation (37). In our study, the serum MDA level was
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significantly increased after I/R. Taken together, these findings indicate that unilateral renal I/R
induces the down-regulation of SODs in contralateral kidneys, which results in the overproduction
of superoxide, leading to enhanced oxidative stress and increased production of MDA. In other
words, down-regulation of SODs in individual distant organs might be involved in the pathogenesis
of DOI. Jang et al. reported that unilateral renal I/R in mice for 30 min induces a significant
increase in the formation of superoxide and the infiltration of inflammatory cells in contralateral
kidneys, and that these changes are significantly suppressed by administration of a mimetic of
SOD, Mn (lll) Tetrakis (1-methyl-4-pyridyl) porphyrin (13). Our presumption is consistent with their
results. However, the precise mechanisms by which renal I/R down-regulate SODs in
post-ischemic kidneys or in distant organs remain unknown. During I/R injury, reperfused tissues
generate a great deal of free radicals and ROS, which lead to cell apoptosis and tissue injury (38,
39). Impaired renal tubules generate various cytokines and chemokines and trigger the activation
of inflammatory cells, including leukocytes and macrophages, which generate further
proinflammatory cytokines (40, 41). Presumably, these various impairments in the post-ischemic
kidneys spread to distant sites through the bloodstream. However, as our results in the Phase 1
and Phase 2 studies showed, DOI was not always induced by unilateral renal I/R. This difference
indicates that some factors in distant organs may be involved in the pathogenesis of DOI. Our
results demonstrated that hypertension at the time of I/R is a possible factor. There is a report
showing that hypertensive Dahl-salt sensitive rats fed with a high-salt diet show decreased
expressions of SOD1 and SOD2 in renal medulla and increased oxidative stress as compared to
Dahl salt-resistant rats (42). According to our results, in all rats of the Phase 2 study, oxidative
stress in contralateral kidneys was already increased at the time of I/R. In addition, aging is a

well-known risk factor for oxidative stress and is a possible factor for the induction of DOI as
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pointed out above. Taken together, the basic condition of oxidative stress in individual distant

organs might be associated with the pathogenesis of DOI following I/R.

Pleiotropic effects of statins against DOI

As mentioned above, several previous studies have demonstrated that statin pretreatment
ameliorates post-I/R kidney injury with serological and histological improvements. In our
experiments, RO pretreatment attenuated an elevation in serum MDA levels and histological injury
even in the contralateral kidney with an increase in the expression of SODs. Although the
mechanisms by which statins up-regulate SODs are not understood, recent studies have revealed
the mechanisms of the organ protective actions of statins. Statins reduce cholesterol synthesis by
inhibiting HMG-CoA reductase, which results in inhibiting the synthesis of downstream products
such as mevalonate, farnesyl-pyrophosphate, and geranylgeranyl-pyrophosphate (Figure 10). A
decrease in mevalonate activates the PI3k-Akt pathway and promotes the synthesis of nitric oxide
(NO) and angiogenesis through an increase in the expression and activation of endothelial nitric
oxide synthase (eNOS) (43, 44). Farnesyl-pyrophosphate and geranylgeranyl-pyrophosphate are
known to play an important role in the post-translational modification of G proteins such as the Ras
and Rho families (45). Rho inactivation by statins prevents thrombus formation through an
increase in eNOS function and a decrease in gene expression of plasminogen activator inhibitor-1
(PAI-1) (46). Inhibition of Rac activates eNOS function and decreases the formation of superoxide
and oxidative stress through the inactivation of nicotine-adenine dinucleotide phosphate (NADPH)
oxidase (47). Sharyo et al. reported that the renoprotective effect of pravastatin is diminished by
the co-administration of mevalonate in a model of bilateral renal I/R in mice (48). They also

reported that treatment with mevalonate alone worsens the degree of renal I/R injury, and that
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treatment with L-744832, an isoprenylation inhibitor, significantly ameliorates renal dysfunction
after I/R. These results indicate that the renoprotective effects of statins are mediated by the
mevalonate-isoprenoid pathway. Based on our results and previous studies, we theorize some
possible molecular mechanisms by which RO affects DOI (Figure 11). Namely, the formation of
superoxide in the post-I/R kidney is suppressed via the mevalonate-isoprenoid pathway. We
presume that up-regulation of SODs by RO is probably associated with this pathway and which
leads to the decrease in oxidative stress including MDA. Additionally, RO activates NOS function
and increases NO, which induces vasodilative changes and protects vascular endothelium. As a
result, tissue injury in the post-I/R kidney is diminished, which also suppresses the spread of
proinflammatory cytokines and inflammatory cells to distant organs, resulting in the indirect
protection of distant organs. Moreover, RO acts in the same way even in distant organs and

directly protects them through a decrease in oxidative stress and vasodilation by NO.

Clinical implications of this study

Unilateral renal I/R reflects clinical conditions such as renal transplantation, renal
aneurysmectomy, or partial nephrectomy. Whether statin pretreatment for renal transplant
recipients is effective has been discussed in many clinical studies and is still a controversial issue
(49). Our results indicate that hypertension at the time of I/R might be involved in spreading
post-I/R kidney impairments to the contralateral kidney. In addition, since contralateral kidney
injury was ameliorated by RO pretreatment, this may indicate that RO pretreatment is especially
effective for renal transplant recipients with hypertension. Needless to say, urine and blood tests
are convenient and useful markers for estimating renal function. However, these markers are

expressed as the total of right and left kidney function and are unsuitable for estimating split renal

23



function. In addition, since renal transplantation is sometimes accompanied by rejection, the
function of kidneys is rarely separately assessed even when developing post-operative AKI.
Recent studies have demonstrated that AKI is not only a local metabolic disorder, but also a
systemic inflammatory disease that causes various side effects. When treating AKI, we must pay
attention to the possibility of DOI along with the injured kidney. Our results indicate that RO is a

possible preventative drug for DOI.
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Conclusions

In conclusion, we confirmed that unilateral renal I/R induced contralateral kidney injury in Dahl
salt-sensitive rats with hypertension, but not in those with normotension. In impaired contralateral
kidneys, the protein expressions of SOD1 and SOD2 were significantly down-regulated. RO
pretreatment prevented this down-regulation and ameliorated contralateral kidney injury with
histological and serological improvements. These results indicate that the basic condition of
oxidative stress in individual organs might be involved in the pathogenesis of DOI following I/R. In
addition, the protective effect of RO on DOI might be associated with a decrease in oxidative
stress in individual distant organs via up-regulation of SODs. Several studies have shown that DOI
is triggered even in lung, brain, liver, or intestine, in addition to the contralateral kidney and heart.
Further research is needed to determine whether statin pretreatment can ameliorate these

multiple organ disruptions following AKI.
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Figure legends

Figure 1. Experimental schema of the Phase 1 and Phase 2 study.

The Phase 1 study was performed with 10-week-old male Dahl salt-sensitive rats fed a low-salt
(0.3%) diet. RO (10 mg/kg/day) was administered orally by dissolving it in tap water starting two
weeks before renal I/R. Five weeks later, rats in I/R groups were subjected to unilateral clamping
of the left renal pedicle for 45 min and thereafter, reperfused. Seven days after I/R, all rats were
sacrificed for histology and blood analyses. The Phase 2 study was performed with 6-week-old
male Dahl salt-sensitive rats fed a high-salt (8%) diet for six weeks. Otherwise, the study protocol
was the same as for the Phase 1 study, except the reperfusion period following I/R was three days

in the Phase 2 study.

Figure 2. Semiquantitative measurements of histological findings in contralateral kidneys
and hearts in the Phase 1 study.

(a) Glomerular sclerosis index for the contralateral kidneys of sham rats (LIRO (-), RO (+); n=5,
each group) and I/R rats (LIRO (-), BRO (+); n=5, each group). (b) Number of ED-1 positive cells
per slice in renal cortexes of contralateral kidneys of sham rats and I/R rats. (c) Number of ED-1
positive cells per slice in renal outer medullae in contralateral kidneys of sham rats and I/R rats. (d)

Number of ED-1 positive cells per slice in hearts of sham rats and I/R rats.

Figure 3. Representative histological findings of kidneys (contralateral side) and hearts
three days after unilateral renal I/R in the Phase 2 study.
Glomerular sclerosis and mesangial proliferation in an I/R-affected rat without (a) or with (b) RO

pretreatment. Tubular dilation and interstitial fibrosis in renal outer medulla of an I/R-affected rat
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without (c) or with (d) RO pretreatment. ED-1 staining in renal cortex of an |/R-affected rat without
(e) or with (f) RO pretreatment. ED-1 staining in renal outer medulla of an I/R-affected rat without
(g) or with (h) RO pretreatment. Interstitial fibrosis in the heart of an I/R-affected rat without (i) or
with (j) RO pretreatment. ED-1 staining in the heart of an I/R-affected rat without (k) or with (I) RO

pretreatment.

Figure 4. Semiquantitative measurements of histological findings in contralateral kidneys
in the Phase 2 study.

(a) Glomerular sclerosis indexes of contralateral kidneys of sham rats (LJRO (-), BRO (+); n=11,
each group) and I/R rats (LJRO (-), BRO (+); n=11, each group). (b) Tubular dilation area per field
(%) in contralateral kidneys of sham rats and I/R rats. (¢) Tubulointerstitial fibrosis area per field
(%) in contralateral kidneys of sham rats and I/R rats. (d) Number of ED-1 positive cells per slice in
renal cortexes of contralateral kidneys in sham rats and I/R rats. (¢) Number of ED-1 positive cells

per slice in renal outer medullae in contralateral kidneys of sham rats and I/R rats.

Figure 5. Protein expressions of SOD1, SOD2, and osteopontin determined by western
blotting in contralateral kidneys in the Phase 2 study.

The bar graph shows the densitometric analysis of western blotting normalized to the
corresponding B-actin signal in sham rats (LJRO (-), n=10; BRO (+), n=8), and I/R rats (RO (-),

n=11; ERO (+), n=10). *P < 0.05 vs. sham; tP < 0.05 vs. RO (-).

Figure 6. Quantitative RT-PCR analyses of mRNA gene expressions in contralateral kidneys

in the Phase 2 study.
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(a) SOD1 expression in contralateral kidneys of sham rats (LIRO (-), n=10; HRO (+), n=11) and
I/R rats (LJRO (-), n=10; HMRO (+), n=11). (b) SOD2 expression in contralateral kidneys of sham
rats and I/R rats. (c) MCP-1 expression in contralateral kidneys of sham rats and I/R rats. (d)
TNF-a expression in contralateral kidneys of sham rats and I/R rats. (e) IL-6 expression in
contralateral kidneys of sham rats and I/R rats. (f) TGF- expression in contralateral kidneys of
sham rats and I/R rats. (g) CT-GF expression in contralateral kidneys of sham rats and I/R rats. (f)
Type 1 collagen expression in contralateral kidneys of sham rats and I/R rats.*P < 0.05 vs. sham;

tP < 0.05 vs. RO (-).

Figure 7. Semiquantitative measurement of histological findings of hearts in the Phase 2
study.

(a) Interstitial fibrosis area per field (%) in hearts of sham rats (L_RO (-), RO (+); n=11, each
group) and I/R rats (LIRO (-), ERO (+); n=11, each group). (b) Number of ED-1-labeled cells per

slice in hearts of sham rats and I/R rats.

Figure 8. Protein expressions of SOD1 and SOD2 determined by western blotting in hearts
in the Phase 2 study.

The bar graph shows the densitometric analysis of the western blotting normalized to the
corresponding B-actin signal in sham rats (LJRO (-), n=11; HRO (+), n=9), and I/R rats (LIRO (-),

n=11; MRO (+), n=10). *P < 0.05 vs. sham.

Figure 9. Quantitative RT-PCR analyses of mRNA gene expressions in hearts in the Phase 2

study.
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(a) SOD1 expression in hearts of sham rats (LJRO (-), n=10; HRO (+), n=11) and I/R rats (LJRO
(-), n=9; HMRO (+), n=9). (b) SOD2 expression in hearts of sham rats and I/R rats. (c) MCP-1
expression in hearts of sham rats and I/R rats. (d) TNF-a expression in hearts of sham rats and I/R
rats. (e) IL-6 expression in hearts of sham rats and I/R rats. (f) TGF-f3 expression in hearts of sham
rats and I/R rats. (g) CT-GF expression in hearts of sham rats and I/R rats. (f) Type 1 collagen

expression in hearts of sham rats and I/R rats.*P < 0.05 vs. sham; tP < 0.05 vs. RO (-).

Figure 10. Previously-reported mechanisms of pleiotropic effects of statins.
Statin-induced decreases in HMG-CoA reductase activity reduce downstream protein prenylation
and have the potential to reduce oxidative stress and to improve vascular function through multiple

pathways.

Figure 11. Expected molecular mechanisms of RO pretreatment against distant organ
injury.

RO pretreatment inactivates NADPH oxidase and increases SOD expression in the post-I/R
kidney, which leads to decreasing the formation of superoxide and results in reducing oxidative
stress including MDA. Additionally, RO activates NOS function and increases NO, which induces
vasodilative changes and protects vascular endothelium. As a result, tissue injury in the post-I/R
kidney is ameliorated by RO pretreatment. This amelioration also leads to suppressing the spread
of proinflammatory cytokines and inflammatory cells to distant organs, resulting in the indirect
protection of distant organs. Moreover, RO acts in the same way even in distant organs and

directly protects them through a decrease in oxidative stress and vasodilation by NO.
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Supplementary Figure 1. Representative histological findings of I/R kidneys (ipsilateral
side) three days after unilateral renal I/R in the Phase 2 study.

Tubular dilation in renal outer medulla of an I/R-affected rat without (a) or with (b) RO pretreatment.
ED-1 staining in renal cortex of an I/R-affected rat without (c) or with (d) RO pretreatment. ED-1

staining in renal outer medulla of an I/R-affected rat without (e) or with (f) RO pretreatment.

Supplementary Figure 2. Semiquantitative measurements of histological findings in I/R
kidneys (ipsilateral side) in the Phase 2 study.

(a) Glomerular sclerosis indexes of ipsilateral kidneys of sham rats (LJRO (-), RO (+); n=11,
each group) and I/R rats (LJRO (-), BRO (+); n=11, each group). (b) Tubular dilation area per field
(%) in ipsilateral kidneys of sham rats and I/R rats. (c) Tubulointerstitial fibrosis area per field (%)
in ipsilateral kidneys of sham rats and I/R rats. (d) Number of ED-1 positive cells per slice in renal
cortexes of ipsilateral kidneys in sham rats and I/R rats. () Number of ED-1 positive cells per slice

in renal outer medulla in ipsilateral kidneys of sham rats and I/R rats.
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Table 1. Primer sequences.

Gene

SoD1

SOD2

MCP-1

TNF-a

IL-6

CT-GF

Type 1 collagen

Forward Primer (5’ — 3’)
AAAGGACGGTGTGGCAAT
CGTCACCGAGGAGAAGTACCA
AGCATCCACGTGCTGTCTC
AAATGGGCTCCCTCTCATCAGTTC
ACAGCGATGATGCACTGTCAG
TCAAACTCCAAACACCATCG
GCTGCCTTTTCTGTTCCTTT

Reverse Primer (5’ — 3’)
TCCACCTTTGCCCAAGTCAT
GGCTCAGGTTTGTCCAGAAAAT
GATCATCTTGCCAGTGAATGAG
TCTGCTTGGTGGTTTGCTACGAC
ATGGTCTTGGTCCTTAGCCAC
TACCCTGAGCAAGCCATTTC
GGATTTGAAGGTGCTGGGTA
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Table 2. Comparison of parameters between groups at the start or at the end of the Phase 1 study.

RO (-) RO (+) P*

Sham I/IR Sham I/IR

Body weight [g] 10W 314.0:1.9  308.0¢51  309.0t56  308.0:51 NS

16W 371.7x1.7 378.3+3.3 371.7+10.1 378.3+7.6 NS

Systolic blood pressure [mmHg] 10W 127.612.4 133.3£3.5 132.2+3.0 133.4+£3.5 NS

16W 133.9+3.5 130.8+1.9 130.3+6.0 131.1+4.4 NS

Heart rate [beat/min] 10W 382.9+11.3 373.247.8 373.5+8.6 380.2+14.2 NS

16W 383.6£10.7 377.9+4.8 385.5+8.0 390.546.6 NS

Food consumption [g/day] 10w 16.81£2.0 11.814.2 16.5£2.3 14.0+2.5 NS
16W 5.7+1.2 10.0+2.1 10.3+1.3 7.7+3.2 NS
Water consumption [g/day] 10w 22.2+2.9 22.1+2.4 26.0+1.7 23.7+21 NS
16W 16.0+4.1 23.846.0 26.8+3.1 23.844.9 NS
Urine volume [mL/day] 10W 7.7£0.4 7.0£1.1 8.311.3 6.6+0.9 NS
16W 9.1£3.1 11.3+£2.0 12.5¢1.5 9.4+1.5 NS

Values are expressed as means +* SEM. n=5, each group. RO, rosuvastatin; NS, no significance.*One-way

ANOVA.
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Table 3. Comparison of parameters between rats with or without RO in the Phase 1 study.

RO Sham IIR P*
Serum Creatinine [mg/dL] ) 0.33+0.03 0.37+0.03 NS
(+) 0.30+0.00 0.33+0.03 NS
CCr [mL/kg/min] ) 6.4+0.9 6.4+0.4 NS
(+) 7.51£0.5 6.5+0.8 NS
Serum TNF-a [pg/mL] (-) 69.6+3.4 77.8+4.7 NS
(+) 70.91£0.8 66.5+3.0 NS
Urinary albumin [mg/mgCr] ) 0.3410.12 0.18+0.04 NS
(+) 0.36+0.21 0.23%0.11 NS

Values are expressed as means + SEM. n=3, each group. RO, rosuvastatin; NS, no significance.

*Unpaired f test.
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Table 4. Comparison of parameters between groups at the start or at the end of the Phase 2 study.

RO (-) RO (+) P*

Sham I/IR Sham IIR

Body weight [g] BW 208.5+6.8  209.4+7.3 212472  214.3#69 NS

12W 343.0+4.6 349.5+4.8 345.7+6.1 348.1+8.9 NS

Systolic blood pressure [mmHg] 6w 142.3+2.8 142.1£2.5 143.1x1.4 143.4+1.5 NS

12W 191.2+6.0 198.5+5.6 204.4+7 1 198.4+6.6 NS

Heart rate [beat/min] 6w 424.0+12.3 425.6+8.9 416.6+10.3 431.849.2 NS

12w 414.4x111 4111101 426.4+£14.9 420.9+8.1 NS

Food consumption [g/day] 6w 19.5£1.8 20.6+1.3 23.5¢1.2 20.3+1.2 NS
12W 18.1+1.0 14.0+1.1 17.1+1.3 16.4+1.2 NS
Water consumption [g/day] 6w 86.417.6 90.5+5.4 93.0+5.1 88.715.5 NS
12W 74.5+3.6 70.516.0 74.5+5.3 72.0+3.5 NS
Urine volume [mL/day] 6w 63.916.2 66.714.6 67.8+3.8 63.6+4.8 NS
12W 58.2+3.0 57.0+4.8 54.2+3.6 55.2+2.0 NS

Values are expressed as means + SEM. n=11, each group. RO, rosuvastatin; NS, no significance. *One-way

ANOVA.
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Table 5. Comparison of parameters between rats with or without RO in the Phase 2 study.

RO Sham IIR P#
Serum Creatinine [mg/dL] (-) 0.25+0.01 0.38+0.01 <0.05
(+) 0.26+0.01 0.29+0.02f NS
CCr [mL/kg/min] (-) 11.310.6 6.7+0.2 <0.05
(+) 10.2+0.5 10.0+0.8f NS
Serum MCP-1 [ug/mL] (-) 5.441.2 3.0£0.4 NS
(+) 4.2+1.0 4.410.8 NS
Serum TNF-a [pg/mL] (-) 75.61£0.9 76.4+1.2 NS
(+) 75.5+0.6 75.310.8 NS
Serum MDA [uM] (-) 0.33%0.05 0.48+0.05 <0.05
(+) 0.23+0.04 0.33+0.057 NS
Serum NT-proBNP [ng/mL] (-) 32.8+4.0 444421 <0.05
(+) 31.843.8 35.7+3.3f NS
Urinary albumin [mg/mgCir] (-) 4.2+0.7 4.0+0.4 NS
(+) 4.0+0.5 2.840.5 NS
Urinary 8-OHdG excretion [ng/mgCir] (-) 45.1+4.6 43.415.4 NS
(+) 44.624.9 32.243.8 NS
Urinary isoprostane excretion [ng/mgCir] (-) 2.9+0.3 2.8+0.8 NS
(+) 3.5+0.9 3.2+0.9 NS

Values are expressed as means £ SEM. n=11, each group. RO, rosuvastatin; NS, no significance.

*Unpaired t test. TP < 0.05 versus RO (-).
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Figure 1.
Experimental schema of the Phase 1 and the Phase 2 study.

Dahl salt-sensitive rat
(6- to 10-week old)

0.3% or 8% salt diet *! >
Rosuvastatin >
BP measurement v v v v
Metabolic cage v v
Unilateral renal I/R v
Sacrifice | 2D

0 1 2 3 4 5 6 7

Feeding period (weeks)

*1 Rats in the Phase 1 study and the Phase 2 study were fed with
0.3% low-salt diet and 8% high-salt diet, respectively.
*2 Al| rats were sacrificed 3 to 7 days after I/R.
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Figure 2.

Semiquantitative measurements of histological findings in contralateral kidneys and hearts
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Figure 3.

Representative histological findings of kidneys (contralateral side) and hearts
three days after unilateral renal I/R in the Phase 2 study.
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Figure 3.

Representative histological findings of kidneys (contralateral side) and hearts
three days after unilateral renal I/R in the Phase 2 study.
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Figure 4.
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Figure 5.
Protein expressions of SOD1, SOD2, and osteopontin determined by western blotting

in contralateral kidneys in the Phase 2 study.
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Figure 6.
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Figure 7.
Semiquantitative measurement of histological findings of hearts in the Phase 2 study.
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Figure 8.
Protein expressions of SOD1 and SOD2 determined by western blotting in hearts
in the Phase 2 study.

Sham I/R

RO - + - +

SOD2 e 25 kDa

SOD1 e s s s 19 kDa

B-actin NS s smes s 15 (D3

15
=
] 1 F
e
o *
a
| I-Ll
(7]

0

Sham I/R

15
=
] 1 F
e
< * %
a
o) 05 F
(7]

0

Sham I/R

[JRO (-), RO (+) ; n=9-11, each group; *P < 0.05 versus sham.
51



Figure 9.
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Figure 10.

Previously-reported mechanisms of pleiotropic effects of statins.
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Figure 11.

Expected molecular mechanisms of Rosuvastatin pretreatment against distant organ injury.
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Supplementary Figure 1.

Representative histological findings of I/R kidneys (ipsilateral side)
three days after unilateral renal I/R in the Phase 2 study.
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Supplementary Figure 2.
Semiquantitative measurements of histological findings in I/R kidneys (ipsilateral side)
in the Phase 2 study.
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